JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. This content downloaded from 170.ABSTRACT Archaeanthus linnenbergeri Dilcher & Crane, gen. et sp. nov., a multifollicular angiosperm fruit, is described from the mid-Cretaceous (uppermost Albian-mid-Cenomanian) Dakota Formation of central Kansas. Clusters of follicles were borne terminally at the apex of a stout branch with helically arranged leaves. Each cluster comprised 100-130 helically arranged follicles on an elongated receptacle.
interpreted as those of stamens with six to nine larger scars immediately below, interpreted as those of inner perianth parts. The flower is delimited at the base by three large, narrowly elliptical scars interpreted as those of outer perianth parts. A prominent scar below the base of the flower is thought to mark the position of floral bud-scales. Archaeanthus is linked with perianth parts (Archaepetala beekeri Dilcher & Crane, gen. et sp. nov. and Archaepetala obscura Dilcher & Crane, sp. nov.) , bud scales (Kalymmanthus walkeri Dilcher & Crane, gen. et sp. nov.) , and leaves (Liriophyllum kansense Dilcher & Crane, sp. nov.) on the basis of association evidence and structural agreement in the presence of distinctive resin-bodies. Liriophyllum populoides Lesq. is shown to be a separate species. The reconstructed Archaeanthus plant is most closely related to Recent Magnoliidae and in some features comes close to the hypothetical angiosperm archetype predicted by magnoliid floral theory; it demonstrates that many of the characters interpreted as primitive from neontological evidence are also ancient. Archaeanthus does not predate other kinds of angiosperm reproductive structure in the fossil record but conclusively demonstrates the existence of magnoliid-like plants and flowers early in angiosperm evolution.
Hypotheses of flowering plant phylogeny are inextricably linked to the evolutionary interpretation of angiosperm reproductive organs and thus to concepts of the primitive angiosperm flower. Traditionally such ideas have been based on comparative studies of living plants, and the fossil record has made little contribution. In recent years, however, knowledge of early angiosperm reproductive diversity has increased, and paleobotanical data relevant to these problems have begun to accumulate. In this paper we describe a new species of mid-Cretaceous angiosperm known from multifollicular fruits, perianth parts, bud-scales, and leaves, and discuss its relevance to concepts of floral evolution in flowering plants.
The earliest speculations on the nature of the primitive angiosperm flower developed from the pre-Darwinian classifications of the eighteenth and nineteenth centuries and polarized into two principal hypotheses: either the simple, unisexual and predominantly wind-pollinated flowers Arber & Parkin, 1907) . Subsequent investigations and interpretations, particularly of anatomical (Bailey, 1944; Eames, 1961; Dickison, 1975) and palynological evidence (Wodehouse, 1935 (Wodehouse, , 1936 Walker 1974a Walker , 1974b Walker , 1976 , led to the widespread acceptance of the second hypothesis, that the Magnoliidae are the most primitive living group of flowering plants and exhibit the most primitive floral morphology. This hypothesis is central in most of the putatively 'phylogenetic' classifications of flowering plants that have been proposed in the last 50 years (Hutchinson, 1959; Cronquist, 1968 Cronquist, , 1981 Takhtajan, 1969; Stebbins, 1974; Thorne, 1976; Dahlgren, 1980) , and although alternative viewpoints have been suggested (Corner, 1949; Melville, 1962 Melville, , 1963 Meeuse, 1966) , none have been widely accepted.
Along with the development of the magnoliid hypothesis has come the recognition of 'evolutionary trends' for a wide range of characters.
The primitive states in these trends have been combined into a concept of a hypothetical angiosperm morphotype (Takhtajan, 1969) .
Until recently, direct paleobotanical evidence relevant to these evolutionary hypotheses has been conspicuously absent. The last two decades, however, have seen considerable advances in angiosperm paleobotany and an increasing awareness of the relevance of fossil material to concepts of flowering plant evolution (Doyle & Hickey, 1976; Hickey & Doyle, 1977; Hughes, 1976; Doyle, 1978; Dilcher, 1979) . A major radiation is regarded as having occurred during the Barremian to Cenomanian stages of the mid-Cretaceous, followed by further diversification throughout the Upper Cretaceous and Tertiary.
No unequivocal angiosperms have so far been reported from pre-Barremian rocks, although there are many earlier, potentially relevant fossil plants about which we know too little (Doyle, 1978; Hill & Crane, 1982; R. A. Scott et al., 1960) . Despite some insight into the timing of angiosperm evolution, the systematic origin of the group remains a mystery that continues to stimulate a variety of speculations (Melville, 1962 (Melville, , 1963 Meeuse, 1966; Retallack & Dilcher, 1981a) . Such conjectures inevitably reduce to discussions of homology, particularly of reproductive structures, and have been severely limited by inadequate knowledge of early flowering plants. Few of the mid-Cretaceous angiosperms are known in detail from flowering or fruiting specimens, and even fewer are known from both vegetative and reproductive material. The species described in this paper is currently one of the more completely understood of all early angiosperms. We propose the name Archaeanthus linnenbergeri for multifollicular fruits and the vegetative branches on which they are borne. This species is linked with two kinds of perianth parts (Archaepetala beekeri Dilcher & Crane, gen. et sp. nov. and Archaepetala obscura Dilcher & Crane, sp. nov.) , bud-scales (Kalymmanthus walkeri Dilcher & Crane, gen. et sp. nov) , and leaves (Liriophyllum kansense Dilcher & Crane, sp. nov.) as parts of a single fossil plant on the basis of association and the anatomical similarity that all these organs contain the same distinctive resin-bodies. Liriophyllum populoides Lesq. is shown to represent a different species. The reconstructed Archaeanthus plant is closely allied to the Magnoliidae sensu lato, and in some features comes close to the hypothetical angiosperm morphotype predicted by magnoliid floral theory.
MATERIAL
With the exception of the specimens of Liriophyllum populoides, and one possible specimen of Archaeanthus linnenbergeri, from Morrison, Colorado, all of the material described in this paper is from the Dakota Formation at Linnenberger's Ranch near Bunker Hill, Russell County, central Kansas (see Retallack & Dilcher, 1981b , 1981c , for details of this locality). The plant material is preserved as compressions in a brown-gray clay with variable amounts of sand and silt. The specimens typically have good organic preservation. The associated macroflora is dominated by about 15 to 20 kinds of angiosperm leaves, but although the microflora is well preserved, angiosperm pollen accounts for only about 25% of the total palynomorphs. Most of the Linnenberger Ranch material described in this paper comes from a narrow sandy bed, low in the section at the locality; some ofthis material has been previously described by Dilcher et al. (1976 Dilcher et al. ( , 1978 and Dilcher (1979) . The Linnenberger plant assemblage is interpreted as a flora of local origin, deposited in a fluvial swale on the distal flanks of a levee system (Retallack & Dilcher, 1981b , 1981c .
In central Kansas, the Dakota Formation exhibits considerable lateral sedimentological variation but has been divided into two Members:
the Terra Cotta Clay Member below, and the Janssen Clay Member above (Plummer & Romary, 1942 mers, 1971; Franks, 1975) . The sedimentology, paleontology, and other aspects of Dakota Formation geology are considered more fully by Plummer and Romary (1942 , 1947 ), Siemers (1971 , Hattin and Siemers (1978) , Bayne et al. (1971) , and Retallack and Dilcher (198 ib, 198 1c) .
The Linnenberger Ranch material comes from the Janssen Clay Member, relatively high in the Dakota Formation. The classic Dakota Sandstone Flora described by Lesquereux (1868 Lesquereux ( , 1874 Lesquereux ( , 1878 Lesquereux ( , 1883 Lesquereux ( , 1892 , Gress (1922) , and Newberry (1868) is probably predominantly from the sandstone facies of the same Member.
Toward the south and west, the Dakota Formation overlies the Kiowa Shale (Franks, 1975) , which is dated on evidence of marine fauna and palynomorphs as late Albian (R. W. Scott, 1970a Scott, , 1970b Ward, 1981) (Hattin, 1965; Eicher, 1975) and radiometric determinations of the 'X bentonite' in the upper part of the Graneros (Hattin, 1965 (Hattin, , 1967 give an age of about 94.5 Ma (Kauffman, pers. comm.) . Palynological investigations (Doyle, pers. comm.; Ravn, 1981) similarly indicate a Cenomanian age probably equivalent to zone III of the palynological zonation established by Brenner (1963) , Doyle (1969) , Doyle and Robbins (1977) , and others for the mid-Creta- (Waage, 1955) . The South Platte Formation consists of dark gray to black shales and brown weathering sandstones deposited in a range of marine-influenced estuarine, littoral, and alluvial plain environments (Waage, 1955; Weimer & Land, 1972) . The majority of the 'Dakota Sandstone' plants from Morrison described by Lesquereux (1883) and Knowlton (1896 Knowlton ( , 1920 come from the Kassler Sandstone Member in the upper part of the South Platte Formation (Lee, 1920; Waage, 1955) , equivalent to part of the 'J' sandstone (Weimer & Land, 1972) or the lower part of 'genetic unit C' (Weimer, 1970) . They are preserved as impressions in a hard, pale gray sandstone. The Kassler Sandstone Member grades laterally into the marine Skull Creek Shales (R. G. Young, 1970) with Inoceramus comancheanus (Waage, 1955) and is generally accepted as upper Albian in age (Waage, 1955; McGookey et al., 1970; Kauffman et al., 1976; Berman et al., 1980) . ' Lesquereux (1883: 73, pl. 11, fig. 6 , brief description and drawing).
'Reproductive axes of Liriophyllum, ' Dilcher et al. (1976: 854, fig. la, b, d, brief description and discussion with photographs and a line drawing).
'Reproductive axis' (Carpites liriophylli Lesquereux, 1883), Dilcher (1979: 311, figs. 40, 50, 51 , brief discussion with photographs and line drawings. Carpites liriophylli is too poorly preserved to evaluate its similarity with our species).
OTHER MATERIAL: IU 15703; 2300,2317,2318, 2590,3022,3837,3907,4105,4112,4134-4150, 4152,4153,4155-4158,4163,4164,4166-4170, 4198, 4532- Branch on the right of the specimen showing scars of floral organs (see Fig. 4 ), x 1. Many have appreciable organic material remaining and have yielded anatomical details.
Three specimens 9, 12) show the manner in which the clusters of follicles (mul-tifollicles) and, hence, flowers were borne singly at the apex of a stout, presumably woody axis.
They suggest that the multifollicles may not have been shed at maturity. The three helically arranged scars on the vegetative branch ( . IU 15703-2300 ( Fig. 3) , however, shows a large concave scar which we interpret as a branch point.
The two specimens of aborted receptacles show that the immature carpels were long, narrow, and had rounded tips (Figs. 10, 11). As they ripened, they increased both in length and width to become ellipsoidal at maturity.
Individual follicles are occasionally found separated from the receptacle, and there may have been a tendency for them to be shed at maturity. We have obtained only a thin cuticle from the inner surface of the endocarp (Fig. 30 ), but there are clearly at least two layers in the follicle wall.
An inner layer of transverse fibers is indicated by the fine transverse striations seen on the in-ternal locule casts of some specimens ( Fig. 26) as well as the transverse cracks ( Fig. 21 ), which we interpret as splits between the fibers. (Earle, 1938) . Macerations of aborted ovules from Magnolia tripetala have yielded similar internal membranes from around the nucellus ( Fig. 68 ). There is no megaspore membrane (Harris, 1954; Hill & Crane, 1982 Liriophyllum populoides Lesq. (Holm, 1895: 316, brief discussion of affinities).
Liriophyllum populoides Lesq. (Hollick, 1896: 249, pl. 269, fig. 2 , brief discussion and line drawing).
Liriophyllum Lesq. (Berry, 1902a: 47-5 15703; 2267, 2271-2277, 2309, 2456, 2463-2466, 2469-2471, 2473, 2475-2477, 2479, 2480, 2482,2484,2485,2487,2488,2492,2493,2679, 2948,3443, 3813, 3816-3818,3823, 3826, 3827, 3836,3839,3859,3885,3886,3890,3894,3895, 3992, 4028, 4029, 4051 (Berry, 1902a) . We also exclude Liriophyllum sachalinense Kryshtofovich (1937) , which subsequently has been referred to Bauhinia by Vakhrameev (1966) , Takhtajan (1974) , and Tanai (1979 Several other leaf types from the Linnenberger locality have yielded well-preserved cuticles, but we have not been able to obtain these details from Liriophyllum. We suggest that the cuticle was probably rather thin in life.
Prominently bibbed leaves are not common in angiosperms but do occur in several genera;
for example, Bauhinia (Leguminosae) and Liriodendron (Magnoliaceae). However, the Liriophyllum leaf has a distinctive morphology and none of the living plants known to us are closely similar. We have considered the possibility of a relationship to Liriodendron particularly carefully. The morphological variability in the leaves of this genus has been examined in detail by Berry (1901 Berry ( , 1902a Berry ( , 1902b (Knobloch, 1978) . As noted by Ruffle (1970) , the same feature is shown by leaves of extant Helleborusfoetidus; it also occurs in the enigmatic Scoresbya (Harris, 1932; Krausel & Schaarschmidt, 1968) . None of these leaves, however, are similar in other respects to Liriophyllum.
RECONSTRUCTION OF ARCHAEANTHUS PLANT
There is evidence that Archaeanthus linnen- Retallack and Dilcher (1981 b, 1981 c) interpreted the plants as having been deposited close to where they grew.
In addition to evidence of association, Archaeanthus linnenbergeri, Kalymmanthus walkeri, Archaepetala beekeri, Archaepetala obscura, and Liriophyllum kansense are also linked by the numerous amber-colored resin-bodies that they contain (Figs. 21, (29) (30) (31) (44) (45) (46) 53) . Frequently these protrude from within broken organic fragments of the various organs and can be picked from the surface (Dilcher et al., 1976) or isolated by maceration. Even where other organic material has been lost by oxidation, the resin-bodies, or the small hemispherical depressions that they leave in the matrix, can usually be seen.
Very few other types of leaves from the Linnenberger locality contain resin-bodies, but when found they are quite different, being much more compressed, smaller, and lacking the resinous luster. On the basis of association evidence and this structural agreement, we suggest that A. linnenbergeri, K. walker, A. beekeri, A. obscura, and L. kansense were all parts of the same fossil plant species. From their morphology and the scars that they display, we can make some suggestions as to how these various organs may have been attached.
The helically arranged scars on the vegetative axis of IU 15703-4152 are clearly leaf scars and are of similar size to the petiole bases of L. kansense. The base of the K. walkeri bud-scales corresponds in size and shape to the scar on the pedicel several millimeters below the base of the flower (Fig. 60a, f) . By analogy with extant Magnolia tripetala (Figs. 61, 66) and Liriodendron, we suggest that the bud-scales were attached there and formed a calyptra-like covering over the young developing flower. The attachment area at the base of A. beekeri (Fig. 38) corresponds in size and shape to one of the three large scars that delimit the base of the flower (Figs. 2, 4, 12) . We suggest that A. beekeri was attached in this position and formed an outer perianth of three robust, narrowly elliptical sepals. We interpret A.
obscura to have been less robust than A. beekeri and to have been attached to the more or less (Smith & Briden, 1977) and were experiencing warm-temperate or sub-tropical climates (Kauffman, 1977) . Retallack and Dilcher (1981 b, 1981 c) (Thien, 1974 (Thien, , 1980 , and all have a fossil record extending back into the Cretaceous (Thien, 1974 (Thien, , 1980 Whalley, 1978 Both Magnolia tripetala (Figs. 61, 66) and Liriodendron tulipifera (Fig. 63) show calyptra scars below the base of the flower.
Follicles and seeds. Prominently stalked follicles like those in Archaeanthus occur in many Annonaceae such as A naxagorea, Guatteria, Unonopsis, Xylopia (Fries, 1930 (Fries, , 1931 (Fries, , 1934 (Fries, , 1937 (Fries, , 1939 , as well as Austrobaileya, Drimys (Winteraceae), and De-generia. In the Magnoliaceae the carpels are generally tightly fused to the receptacle (Fig. 6 1) (Sporne, 1956) . In view of this historical decoupling of paleontological and neontological data, the correspondence that exists between the hypothetical archetype and Archaeanthus is significant. The details of this similarity are summarized in Table 2 , from which it is clear that Archaeanthus displays many characters generally regarded as 'primitive' or generalized among Recent plants. There are, however, differences: for example, Archaeanthus was probably deciduous rather than evergreen, had small rather than large seeds, and had a lobed rather than a simple leaf;
but probably Archaeanthus combines more 'primitive' features than any living plant. In terms of magnoliid theory it demonstrates that many of these generalized characters are also ancient.
It would be easy to interpret Archaeanthus as an ancestor to a range of extant plant groups, but
we can see little value in such a naive exercise.
Its real significance is in conclusively establishing that the basic magnoliid flower was one of the earliest kinds of floral organization to be developed during the mid-Cretaceous radiation of flowering plants.
Taken in the broader context of mid-Cretaceous fossil flowers, Archaeanthus fits well into a pattern that is rapidly becoming established.
Other magnoliid flowers similar to Archaeanthus occur in the Dakota Sandstone Flora, the Janssen Clay of Hoisington, Kansas (Crane & Dilcher, 1984) , the Amboy Clays of New Jersey, and the Crowsnest Formation of southern Alberta (Crane & Dilcher, 1984) . None of this material occurs earlier than sub-zone IIC or possibly sub-zone IIB of the palynological zonation established for the mid-Cretaceous of the Atlantic coastal plain (Brenner, 1963; Doyle, 1969; Doyle & Robbins, 1977) . However, there is evidence of similar floral morphology as early as zone I. The floral axis figured by Fontaine (1889, pl. 137, fig. 4 ) and Dilcher (1979, fig. 28 ) is a cluster of follicles borne on the swollen apex of a simple axis. Other than the swelling at the apex and faint indications of a few scars, no differentiation into receptacle and pedicel is clear. The specimen does, however, show that clusters of follicles are among the earliest of all angiosperm fossil fruit types. Slightly later, Vakhrameev and Krassilov (1979) A. Young (1981) . + indicates that at least some members of the extant family display the character indicated. From these records alone it is clear that follicles were a very early innovation in flowering plant evolution and that the origin of the conduplicate carpel remains an important issue in angiosperm phylogeny. Contemporaneous with these species, however, are other kinds of floral organs that are very different. A well-preserved pentamerous flower is known from the Janssen Clay Member of southern Nebraska and also occurs at the Linnenberger Ranch locality (Basinger & Dilcher, 1984; Dilcher & Basinger, unpubl. data). Each flower had five loosely fused carpels with abaxial dehiscence. Leaves and reproductive structures very similar to those of extant Platanus are common in the Dakota Formation (Dilcher, 1979) and also occur as early as subzone IIB (Krassilov, 1977; G. Upchurch, pers. comm.; Dilcher & Schwartzwalder, unpubl. data 
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